A new fully quantum method describing penetration of packet from internal well outside with its tunneling through the barrier of arbitrary shape used in problems of quantum cosmology, is presented. The method allows to determine amplitudes of wave function, penetrability T bar and reflection R bar relatively the barrier (accuracy of the method: |T bar + R bar − 1| < 1 · 10 −15 ), coefficient of penetration (i. e. probability of the packet to penetrate from the internal well outside with its tunneling), coefficient of oscillations (describing oscillating behavior of the packet inside the internal well). Using the method, evolution of universe in the closed Friedmann-Robertson-Walker model with quantization in presence of positive cosmological constant, radiation and component of generalize Chaplygin gas is studied. It is established (for the first time): (1) oscillating dependence of the penetrability on localization of start of the packet; (2) presence of resonant values of energy of radiation E rad , at which the coefficient of penetration increases strongly. From analysis of these results it follows: (1) necessity to introduce initial condition into both non-stationary, and stationary quantum models; (2) presence of some definite values for the scale factor a, where start of expansion of universe is the most probable; (3) during expansion of universe in the initial stage its radius is changed not continuously, but passes consequently through definite discrete values and tends to continuous spectrum in latter time.
Introduction
If we analyzed existed variety of quantum models which describe formation of the universe and its subsequent evolution in the first stage, we should come to conclusion that the semiclassical approach for description of tunneling and determination of wave function is the most prevailing today. This approach forms a basis, which props up both models with the Feynman formalism of path integrals in multidimensional space-time, developed by the Cambridge group and other researchers, called the "Hartle-Hawking method" (for example, see Ref. [1] ), and methods based on direct consideration of tunneling in 4-dimensional Euclidian space-time called the "Vilenkin method" (for example, see Refs. [2] [3] [4] [5] [6] [7] [8] [9] [10] ). The models in 4-dimensional space-time directed on description of inflation, on study of fluctuations of vacuum with inclusion of massive fields (for example, see Refs. [11] ), multidimensional cosmological models (for example, see Refs. [12, 13] ), variety of string models (for example, see Refs. [14, 15] ) have mainly such a semiclassical grounds. To date, this basis is supposed to be sufficiently reliable and give interested quantum characteristics of the universe with good accuracy. Such a point of view so has been taken root and is prevailing, that, in spite of almost 40 years of researches in quantum cosmology (see the first papers [16, 17] ), the papers devoted on more tiny and deeper study of possible quantum nature of the universe, its formation and evolution on the first stage, can be found enough rarely (for example, see [18] [19] [20] , also [21, 22] ).
However, one should ask whether the penetrability determined according to the semiclassical theory by a shape of the barrier solely between two turning points, gives exhaustive answer and the best estimations of rates of evolution of universe.
(1) If, despite such widespread confidence in the semiclassical approach, we still want to check it, we immediately will miss some of the parameters. For example, it would seem, one can use a test of T + R = 1 (where T and R are penetrability and reflection relatively the barrier in the cosmological problem), where usually we have no doubt. However, one should recall that in quantum mechanics, the semiclassical approximation neglects the reflected waves completely (see [23] , eq. (46.10), p. 205, also p. 221-222) and, therefore, to compare the calculated penetrability T is just not with anything.
(2) If we still wanted to determine the reflection coefficient, then we should increase the order of approximation of the semiclassical method (in order to take into account the decreasing component of the wave function on the background of increasing one in the region of tunneling), and just stumble on the next problem -presence of a non-zero interference between the incident and reflected waves in the radial task. Now the criterion T + R = 1 for testing is not satisfied and it needs to take into account the third component M of interference in addition (see [24] ). In particular, at unsuccessfully chosen separation of the exactly known full wave function on the incident and reflected waves (but the semiclassical approaches have no needed apparatus for such analysis), the interference component can increase without limit, and be substantially larger than the penetrability and reflection. After the appearance of such an arbitrariness, the penetrability and reflection can freely exceed the unit and increase without limit. In what is now the general meaning of the penetrability? (3) We shall give only some easy examples from quantum mechanics. (i) If we consider two-dimensional penetration of the packet through the simplest rectangle barrier (with finite size), we shall see that the penetrability is directly dependent on direction of tunneling of the packet. So, the penetrability is not a single value but the function. (ii) If to consider one-dimensional tunneling of the packet through the simplest rectangular barrier, one can obtain "interference picture" of its amplitude in the transmitted region, which is depended on time and space coordinates and is an exact analytical solution. Of course, the stationary part of such a result coincides exactly with well known stationary solutions [25] . From the arguments above the impression could appear that the penetrability defined solely by the shape of the barrier between two turning points is nothing more than prevailing simplified understanding, while for more accurate and deep analysis we need in the strong basis.
(4) Advance of the semiclassical approach is in simplicity of formula of the penetrability based on determination of the outgoing wave in the asymptotic region. A tunneling boundary condition [7, 8] seems to be natural and clear, where the wave function should represent an outgoing wave at large scale factor a. However, whether is such a wave free? In contrast to problems of quantum atomic and nuclear physics, in cosmology we deals with potentials, which modules only increase with increasing the scale factor a (also their gradients increase, which have sense of force acting on the wave) and, therefore, we have nothing mutual with a free propagation of the wave in the asymptotic region. Now it is unclear to which combination two Airy functions should be combined at turning point, in order to obtain the proper outgoing wave. It turns out that instead of the free wave in the asymptotic (missing in problems of quantum cosmology), we should be able to work with the waves propagating inside strong fields (see [24] ).
These problems violate (destroy) the basis of the semiclassical models, and now statements about reliability of the semiclassical models are transformed into the question of " faith" in them, though widespread [24] . The semiclassical approach could be compared to "black box" in which deeper and more detailed information about the dynamics of the universe is hide. More importantly, in such a black box those missing elements are hidden, without which it is impossible to combine everything together to obtain self-consistent formalism of quantum description of the formation of the universe and its evolution in the first stage. In order to clarify these questions, we have developed a new fully quantum method presented in this paper. This paper is organized so. In Sec. 2 a new fully quantum method for description of the formation of the universe and its evolution in the first stage on the basis of a packet, which penetrates from the internal potential well outside by tunneling through the barrier, is presented. A main advance of this method is determination of characteristics of the packet with high accuracy (without implication of the semiclassical approximations). The formalism of the method has been developed relatively the barrier of arbitrary shape, that makes the method universal. In Sec. 3 the method is applied for solution of the problem of evolution of the packet in FRW-model with radiation and Chaplygin gas. The penetrability and reflection relatively the barrier are calculated. We propose new characteristics, more adequately determining the probability of formation of the universe and its subsequent expansion. An accuracy of the method is demonstrated, achieving to |T bar + R bar − 1| < 1 · 10
inside whole under-barrier range of the energy of radiation (M = 0, author has not yet found competitive approaches, achieving such a precision), stability in calculations for the obtained results is shown. A special attention in analysis is devoted to study of the initial conditions. On such a basis, for the first time oscillatory dependence of the penetrability on the localization of start of the packet and resonant levels of the energy of radiation E ( rad) (where the penetration extremely increases) are opened (which are hidden in the semiclassical picture). In finishing, in Sec. We shall begin from consideration of a closed (k = 1) FRW model in presence of a positive cosmological constant Λ > 0, radiation and the component of Chaplygin gas. Let us choose a minisuperspace Lagrangian in the following form (see Ref. [24] ):
where a is scale factor,ȧ is derivative of a with respect to time coordinate t, ρ (a) is a general expression for the energy density, ρ rad (a) is component describing the radiation in the initial stage (equation of state for radiation is p (a) = ρ rad (a)/3, p is pressure), α is parameter of Chaplygin gas (for details, see Refs. [26] [27] [28] , also historical paper [29] ). The passage to the quantum description of the evolution of the Universe is obtained by the standard procedure of canonical quantization in the Dirac formalism for systems with constraints. In result, we obtain the Wheeler-De Witt (WDW) equation (see Ref. [8] , also [16] [17] [18] ), which after multiplication on factor and passage of the item with radiation ρ rad to right part transforms into the following form (see Ref. [24] ):
where 
where A and B are constants. In particular, at large a and A = 36, B = 12 Λ this potential coincides with [19] . In order to estimate ability of the approach developed in this paper below, for comparative analysis let us use results in [20] where a non-stationary case of the WDW equation 1 12
with the potential for the closed FRW model with the included generalized Chaplygin gas
was studied. After change of variable a new = a old √ 12 stationary limit of eq. (5) transforms into our eq. (2) as the V eff potential is independent on the τ variable (such a choice keeps correspondence between energy levels that is convenient in comparative analysis). The potential (6) after such a transformation is shown in Fig. 1 and we shall study behavior of the wave function concerning it.
Tunneling of the packet through the rectangular barrier
Before further solution of our problem, let us consider a general problem of quantum tunneling of a packet through the barrier used in cosmological models. We shall study such a process on the basis of developed formalism of multiple internal reflections (see main ideas, formalism, proof for tunneling, analysis of peculiarities of such approach in Refs. [?, ?, 25, 30-33], see also the first papers [36] [37] [38] , some development and applications in Refs. [39] ). But, at first, we shall start from consideration of main idea of the multiple internal reflections in description of tunneling of the packet on the positive semiaxis of the scale factor a where possible oscillations of such a packet should be included inside internal well and, so, we shall choose the simplest potential V (a) [24] : V (a) = −V 0 for 0 < a < R 1 (internal region I), V (a) = V 1 for R 1 < a < R 2 (region II of the barrier) and V (a) = 0 for a > R 2 (external region III). For simplicity, let us analyze a case when total energy of system E is higher then the barrier height V 1 : E > V 1 .
In the first step we consider start of the packet in the region I which is assumed to propagate to the right and is incident on the first boundary of the barrier at R 1 :
where k 1 = √ E + V 0 , E is the energy. The weight amplitude g(E −Ē) can be used in standard form of gaussian and satisfies to normalization |g(E −Ē)| 2 dE = 1, valueĒ is an average energy. This packet transforms into two new packets: the first packet transmitted through this boundary and propagating further in the region II, and the second one reflected from the boundary and propagating back in the region I:
where
We find new unknown coefficients α (1) and A
R , using requirements of continuity of the total wave function ψ(a, t) (which is summation of all packets) and its derivative at R 1 :
In the second step we consider further propagation of the packet ψ
tr (a, t), which is incident on the second boundary at R 2 . It transforms into two new packets: the first packet transmitted through this boundary and propagating in the region III, and the second one reflected from this boundary and propagating back in the region II. We define these packets in the form
where as the stationary parts we use:
4 where k = √ E. Imposing condition of continuity on the total wave function and its derivative at R 2 , we obtain two new equations, from which we find new unknowns coefficients A (1) T and β (1) :
We have introduced two new coefficients T T and β (1) with the incident amplitude α (1) in this step. Here we shall use bottom index for denotation of number of the considered boundary, upper (top) sign "+" or "−" for positive (to the right) or negative (to the left) direction of the incident wave, correspondingly. So, we can write T
R also. In the third step we consider further propagation of the reflected packet ψ 
From continuity conditions for the total wave function and its derivative at R 1 we find the unknowns coefficients A
R and α (2) :
In the forth step we need to consider further propagation of the reflected packet ψ (1) ref in the region I in the 1-st step. It is incident on the first boundary at a = 0 transforming into new packet propagated to the right. At such a point we can include different considerations of origin of possible sources at a = 0, possible full propagation (like in spherically symmetric problems of quantum decay in nuclear physics which is 3-dimensional and we have no additional boundaries at a = 0) or, in contrary, possible full reflection used in different quantum approaches (like introduction of an infinite potential wall at a = 0 in Ref. [19] ). In order to produce ability to work with different such considerations, we write:
where A
inc .
Supposing full propagation through this boundary (without any possible reflections), we obtain R − 0 = −1. If we liked to include the infinite potential wall at a = 0, than we should have R − 0 = −1 also. Analyzing further reflections and transmission of the packets concerning the boundaries by such a way, we have concluded that any following step is similar to one from 4 considered above. From analysis of these steps we have found recurrent relations for calculation of unknown amplitudes A
for arbitrary step n, and we have calculated summations of these amplitudes. However, these series could be calculated easier, if to apply coefficients T ± i and R ± i . Analyzing all possible "paths" of the propagations of all possible packets inside the barrier and internal well, we obtain:
5 whereR
The resultant expressions for the incident, transmitted and reflected packets concerning the barrier are written in form of eq. (10), where the following stationary wave functions should be used:
At finishing, we determine the full amplitudes
and coefficients T and R describing penetration of the packet from the internal region outside and its reflection from the barrier
where T bar and R bar are coefficients of penetrability and reflection of the barrier (in standard definition), and A inc 2 is coefficient determining oscillations of the packet inside the internal region (this is fully quantum analog of the normalization factor F introduced in Ref. [40] for semiclassical description of nuclear decay).
R , α (n) and β (n) obtained using the approach of the multiple internal reflections, exactly coincide with the corresponding coefficients A inc , A T , A R , α and β calculated by standard stationary method (where the continuity conditions of the stationary total wave function and its derivative are used at each boundaries, and the wave function is not equal to zero at a = 0). We test property:
which is fulfilled and confirms that the method MIR gives us proper solution for the wave function. If energy is less then the height of the barrier, then for description of penetration of the wave through such a barrier with its tunneling it needs to use the following change [25, 31, 33] :
Using it, all found above solutions are applied for the problem with tunneling through the barrier.
Tunneling of the packet through barrier composed from arbitrary number of rectangular steps
Now let us come to another essentially more difficult problem of the packet penetrating through the radial barrier of arbitrary shape in the cosmological problem. In order to apply the idea of multiple internal refections for study the packet tunneling through the real barrier, we have to generalize formalism of the multiple internal reflections presented above. We shall assume that the total potential has successfully been approximated by finite number N of rectangular steps:
where V i are constants (i = 1 . . . N ). Now let us assume that the packet starts to propagate outside inside the region with some arbitrary number M (for simplicity, we denote its left boundary a M−1 as a start ) from the left of the barrier. We shall be interesting in solutions for above barrier energies while the solution for tunneling could be obtained after by change i ξ i → k i . A general solution of the wave function (up to its normalization) has the following form:
where α j and β j are unknown amplitudes, A T and A R are unknown amplitudes of transmission and reflection,
2m(E − V i ) are complex wave numbers. We have fixed the normalization so that modulus of the starting wave e ikM a equals to one. We shall be looking for solution for such a problem by the approach of the multiple internal reflections.
Let us begin from consideration of start of the packet in the region with number M , which propagates to the right. At first, we shall study its propagation inside the right part of the potential with barrier, starting from this region. According to the method of the multiple internal reflections, scattering of the packet on the barrier is considered consequently by steps of its propagation relatively to each boundary of the barrier (the most clearly idea of such approach can be understood in the problem of tunneling through the simplest rectangular barrier, see [25, 31, 33] where one can find proof of this fully quantum exactly solvable method, one can analyze its properties). Each step in such consideration of propagation of the packet will be similar to one from the first 2N − 1 steps, independent between themselves. From analysis of these steps recurrent relations are found for calculation of unknown amplitudes A (n) , S (n) , α (n) and β (n) for arbitrary step n, summation of these amplitudes are calculated. We shall be looking for the unknown amplitudes, requiring wave function and its derivative to be continuous at each boundary. We shall consider the coefficients T 
Analyzing all possible "paths" of the propagations of all possible packets inside the barrier and internal well, we obtain:
7 and selecting as starting the following values:
we calculate successively coefficientsR (26) again. At finishing, we determine coefficients α j and β j :
the amplitudes of transmission and reflection:
Choosing a min = 0, we assume full propagation of the packet through such a boundary (without any possible reflection) and we have R 
which should be the test, whether the method MIR gives us proper solution for wave function. Now if energy of the packet is located below then height of one step with number m, then for description of transition of this packet through such barrier with its tunneling it shall need to use the following change:
For the barrier consisting from two rectangular steps of arbitrary heights and widths we have already obtained coincidence between amplitudes calculated by method of MIR and the corresponding amplitudes found by standard approach of quantum mechanics up to first 15 digits. Increasing of number of steps up to some thousands keeps such accuracy and fulfillment of the property (33) (see Appendix A where we present shortly the standard technique of quantum mechanics applied for the potential (24) and all obtained amplitudes). This is important test which confirms reliability of the method MIR. So, we have obtained full coincidence between all amplitudes, calculated by method MIR and by standard approach of quantum mechanics, and that is way we generalize the method MIR for description of tunneling of the packet through potential, consisting from arbitrary number of rectangular barriers and wells of arbitrary sizes.
Results
We have applied the method above to analysis of behavior of the packet in its propagation relatively the barrier (6) (taking into account a new → √ 12 a old ). The first interesting results which we have obtained is visible change of the penetrability on displacement of the starting point R min ≤ r ≤ R 1 , where we putted the packet for start. Using possibility to decrease width of intervals up to enough small limit (and choosing, for conveniens, the width of each interval to be the same), we call R min starting point, from where the packet begins its propagation outside. We have analyzed how much position of such a point influences on the penetrability. In Fig. 2 one can see that at arbitrary fixed energy of radiation E rad the penetrability of the barrier is changed strongly in dependence on R min : it has oscillating behavior, difference between its minimums and maximums is minimal at R min in the center of the well (i. e. its change tends to zero in the center of the well), with increasing of R min this difference increases, achieving to the maximum close to the turning point. On such a basis we (for the first time) establish dependence of penetrability on the starting point R start of the packet. Behavior of the 20  22  24  26  28  30  32  34  36  38 coefficients of reflection, oscillations and penetration turn out to be similar. Usually, in cosmological quantum models the penetrability is determined by the barrier shape. While in non-stationary approach one can find papers where a role of the initial condition is analyzed in calculations of rates, penetrability etc. (such papers are very rare and questions about dynamics have not been studied deeply), then stationary limit does not give us a choice for work, practically. Note that such an understanding about the penetrability of the barrier is prevailing till present day not only in quantum cosmology, but also in problems of decays and fission in theoretical nuclear physics. In last topic, such a point of view is as much deep-rooted as description of dynamics of decays and fission, calculations of half-lives are fulfilled without inclusion of such initial condition. Let us give only some examples. In Ref. [41] agreement between experimental data of α-decay half-lives and ones calculated by theory is demonstrated in a wide region of nuclei from 106 Te up to nucleus with A d = 266 and Z d = 109 (see Ref. [42, 43] for improved approaches and data of last years). In review [44] methodology of calculation of half-lives for spontaneous-fission is presented (see eqs. (21)- (24) in p. 321). In prevailing two-potential approach (TPA) and semiclassical approach (WKBA) for determination of half-lives of nuclear decay by emission of proton (nuclear proton decay), which today are recognized as the most accurate and reliable (for example, see Refs. [40, [45] [46] [47] ), influence of such initial condition on results has not been taken into account and has not been analyzed yet (for details and explanations, see [35] ). Such approaches forms grounds for producing tables of nuclear data (for example, see [48] ). The unexpected result in Fig. 2 leads to inevitable change of understanding about the penetrability. The first and direct conclusion is: the penetrability should be connected with the initial condition (not only in non-stationary consideration, but also in stationary one), which sets localization of start of the packet outside. The second important conclusion is: even in the (maximum number of intervals is 2000).
stationary consideration the penetrability of the barrier should be determined in dependence on the initial condition. The first natural question, which could appear from analysis of such results, is how much they are reliable. In particular, would such results be destroyed if we shifted the external boundary outside (while in the semiclassical case we are restricted by two turning points only, then in the fully quantum approach the external tail of the barrier effects on the results inevitably and additionally)? Taking strong decreasing of the external tail of the barrier into account to minus infinity, one could even expect for this. Results of such calculations are presented in Fig. 3 , where it is shown how the penetrability is changed at increasing the external boundary a max (for the most clearness, we have fixed the starting point: a start = 10). One can see that all calculations are perfectly convergent, that confirms efficiency of the techniques of the multiple internal reflections. This points to that difficult attempts and aspiration to determine the outgoing wave in the asymptotic limit properly (on which the boundary condition of tunneling is based) have no any practical sense. Therefore, we have chosen a max = 70 for further calculations with the studied potential. However, one can see that inclusion of the external region in calculations can change the coefficients of penetrability and penetration up to 2 times for the chosen energy level. In Tabl. 1 one can see how the coefficients of the penetrability and reflection are changed for different values of the starting point for the same energy. One can see that, in contrast to other known approaches, our developed method in determination of these coefficients gives the fantastic accuracy: |T bar +R bar −1| < 1·10 −15 . The second question of not less importance is how large this effect in calculations of the penetrability: if it was small than, for example, the semiclassical approaches would have enough good approximation. From Tabl. 1 it follows that the penetrability is changed not strongly in dependence on shift of the starting point. However, such small variations are connected with relatively small height of the barrier and depth of the well, while they would be not small at another choice of parameters (the coefficient of oscillation and penetration turn out to be changed essentially at some definite energies of radiation, see below). So, this effect is supposed to be larger at increasing height of the barrier and depth of the well, and also for near-barrier (i. e. for energies comparable with the barrier height) and above-barrier energies of radiation.
Then, we have analyzed how these characteristics are changed in dependence on the energy of radiation. Result has turned out to be over-unexpected (see Fig. 4 ): the coefficient of penetration has oscillating behavior where peaks are clearly shown, located about the same distances, between which smooth and stable in calculations wells are observed with minimums! By other words, in the fully quantum approach we for the first time have observed clear pictures of resonances, which could be connected with quasi-stationary states. More detailed analysis gives: at increasing energy of radiation the penetrability is changed monotonously and determines a general tendency of change of the coefficient of penetration, while the coefficient of oscillations introduces the peaks. Now a reason of presence of resonances has become clearer: oscillations of the packet inside the internal well cause them, while the possibility of the packet to penetrate through the barrier (described by the pene-trability of the barrier) does not take influence on them absolutely. In Tabl. 2 we present the resonant levels calculated by such a way inside the energy range E rad = 200-223, and the coefficients connected with them. To such data we add a full list of the found resonant levels inside energy range E rad = 0-200 in Tabl. 3 (we have established 134 resonant levels). We seem for the first time to have obtained the quasi-stationary levels in the problem of decay in the fully quantum approach, separating the coefficient of penetration (having sense of width in theory of quantum scattering and decays) on the coefficients of penetrability and oscillations.
Conclusions
The new method for determination of probability of penetration of the packet from the internal well outside with its tunneling through one-dimensional barrier of arbitrary shape used in problems of quantum cosmology, is presented. Note the following:
1. The method is further development of approach of multiple internal reflections (see Refs. [?, ?, 25, 30-33] , also Refs. [36] [37] [38] [39] ), where a process of tunneling of the packet through the barrier is considered consequently by steps of its propagation relatively to each boundary of the barrier. The method is fully quantum, allows to determine amplitudes of wave function, coefficients of penetrability and reflection relatively the barrier. For the first time exact analytical solutions for amplitudes of the wave function, penetrability T and reflection R for the barrier, composed from arbitrary number n of rectangular potential steps, are found. At limit n → ∞ these solutions could be considered as exact limits for potential with interested barrier and internal well of arbitrary shape.
2. Accuracy of the method in determination of penetrability T bar and reflection R bar is: |T bar + R bar − 1| < 1 ·10 −15 (see Tabl. 1). Author has not found other methods achieving such accuracy in similar problems of quantum physics (with possible exception of some selected cases of exactly solvable barriers which could be obtained by methods of supersymmery).
3. On the basis of the method the probability of penetration of the packet from the internal well outside with its tunneling through the barrier of arbitrary shape called coefficient of penetration, is determined. It succeeds to separate that coefficient explicitly on the penetrability and new coefficient, which characterizes oscillating behavior of the packet inside the internal well and is called coefficient of oscillations. That found for the first time formula seems to be fully quantum analogue of the semiclassical formula of Γ width of decay in quasistationary state proposed by Gurvitz and Kälbermann in Ref. [40] (here, the coefficient of oscillations is fully quantum analogue for the semiclassical F factor of formation and the coefficient of penetration is analogue for the semiclassical Γ width).
This method has been applied for study of properties of the packet, describing evolution of universe on the first stage in the closed Friedmann-Robertson-Walker model with quantization in the presence of the positive cosmological constant, radiation and component of generalize Chaplygin gas with potential chosen from [20] . Let us formulate main results obtained for the first time:
1. For the same chosen energy of radiation E rad the penetrability of the barrier is changed visibly in dependence on the position of the starting point R start inside the internal well, where the packet begins to propagate (see Fig. 2 ): the penetrability has oscillating behavior, difference between its minimums and maximums is minimal at R start in the center of the well, with increasing R start this difference increases achieving maximum close to the turning point. The behavior of the coefficients of reflection, oscillations and penetration turns out to be similar. Coincidence (up to the first 15 digits) of the amplitudes of the wave function obtained by such a method, with corresponding amplitudes obtained in the standard approach of quantum mechanics (see App. A) at different energies E rad confirms that this result does not depend on a choice of the fully quantum method applied for calculations. Such a peculiarity is shown in the fully quantum non-stationary and stationary considerations and it is hidden after imposing the semiclassical restrictions.
2. In non-stationary and stationary considerations the penetrability of the barrier should be connected with initial condition localizing start of the packet. Note that possible introduction of the initial condition into known stationary semiclassical models could change their results.
E rad = 223 the penetrability is changed up to 2 times (see Fig. 3 ). If to increase the external boundary a max , all amplitudes and coefficients are convergent in calculations that confirms efficiency of the developed method.
4. Dependence of the coefficient of penetration on the energy of radiation has oscillating behavior: here peaks are clearly shown, localized approximately on the same distances, between which smooth minimums (wells) stable in calculations are observed (see Fig. 4 5. The dependence of the penetrability on the starting point has clear established maximums and minimums. On such a basis one can suppose that the most probable start of the packet (describing start of expansion of the universe) is in one point of such maximums. This allows to predict some definite initial values of the scale factor, at which the universe begins to expand (such initial data is direct result of quantization of the classical cosmological model).
6. Modulus of the wave function both in the internal, and in the external regions has clear established own maximums and minimums [24, 49] . This indicates on such values of the scale factor, at which "appearance" of the universe will be more or less probable. By other words, radius of the universe during its expansion is changed not continuously, but passes consequently through some definite discrete values connected with these maximums. It follows that after quantization space-time of universe on the first stage of its expansion seems to be rather discrete than continuous. According to results [24, 49] , difference between maximums and minimums with increasing of the scale factor a is slowly smoothed and we obtain obvious for us continuous structure of the space-time at latter times. Discontinuity of space-time is direct result of quantization of cosmological model, which is shown the most strongly on the first stage of expansion and disappeared after imposition of the semiclassical approximations.
A Direct method
We shall add shortly solution for amplitudes of the wave function obtained by standard technique of quantum mechanics which could be obtained if to use only condition of continuity of the wave function and its derivative at each boundary, but on the whole region of the studied potential. At first, we find functions f 2 and g 2 (from the first boundary):
Then, using the following recurrent relations:
we calculate next functions f 3 , f 4 , f 5 . . . f n , and by such a formula:
the functions g 3 , g 4 , g 5 . . . g n . From f n and g n we find amplitudes α n , β n and amplitude of transmission A T :
Now using the recurrent relations:
13 and such a formula:
we consistently calculate the amplitudes α n−1 , β n−1 , α n−2 , β n−2 . . . α 2 , β 2 . At finishing, we find amplitude of reflection A R :
As test we use condition:
In order to check all amplitudes obtained previously by the MIR approach, we have used such a techniques and obtained coincidence up to the first 15 digits for all considered amplitudes. In particular, we reconstruct completely the pictures of the probability and reflection presented in Fig. 2 (a) and (b), Fig. 3 (a) and (b) , Fig. 4 (b) , but using standard technique above. So, result on the oscillating dependence of the penetrability of the position of the starting point R form in such figures is independent on the fully quantum method chosen for calculations.
A. 
